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Abstract
The proton analyzing power Ay0 and the deuteron tensor analyzing power
T20 are evaluated for the pd↔ π+t process, in the energy region around and
above the ∆ resonance. These calculations extend a previous analysis of the
excitation function and differential cross–section, based on a model embodying
one– and two–body p–wave absorption mechanisms and isobar excitation. The
three–nucleon bound state and the pd scattering state are evaluated through
Faddeev techniques for both the Bonn and Paris potentials. The spin variables
exhibit a greater sensitivity to the number of included three–nucleon partial
waves than the cross–sections, while the role played by the initial– or final–
state interactions appears to be small. The results for the tensor analyzing
power at backward angles show a non–negligible dependence on the potentials
employed, consistently with what has been previously found for the cross–
sections. The calculation of spin observables gives a clear indication that
other reaction mechanisms (presumably s–wave two–body absorption) have
to be included in the model, in order to reproduce the experimental data
below the ∆–resonance, in analogy with the simpler pp↔ πd process.
PACS: 25.80.Ls, 25.10+s, 13.75.Cs
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I. INTRODUCTION
Pion absorption/emission processes on A=3 nuclei offer a unique possibility for testing
our present understanding of pion–baryon interactions and reaction mechanisms with a
minimum of ad hoc phenomenological assumptions. It is now possible, in fact, to give a
microscopic description of both the nuclear bound state and the three–nucleon dynamics in
the incoming (or exit) channel through modern few–body techniques.
A first step towards this goal has been accomplished in a recent paper [1], where pion
emission/absorption reactions on tritium have been studied in the energy region around
the ∆ resonance. The elementary emission/absorption processes are given by the direct,
one–nucleon mechanism, and by the two–body mechanism, proceeding through ∆ excita-
tion. The former is described by a non–relativistic πNN vertex, the latter by a πN∆ vertex,
followed (or preceded) by isobar propagation, and a ∆N↔NN transition mediated by π and
ρ exchange. The three–nucleon bound and scattering states in the initial and final channels
have been evaluated through numerical solution of the Alt-Grassberger–Sandhas (AGS) [2]
equations for realistic NN potentials, by resorting to the Ernst-Shakin–Thaler (EST) ex-
pansion method [3,4], to produce a finite–rank representation of the NN interactions. With
this representation, the π–production amplitude including the three–nucleon correlations
can be obtained by solving an integral equation where the off–shell extension of the plane–
wave amplitude represents the driving term. This approach is similar to a recent treatment
of tritium photodisintegration [5]. The transition amplitudes have to be decomposed into
three–nucleon partial waves, whereas the pion–tritium motion is represented by a three–
dimensional plane–wave state. The calculation has been performed in momentum space,
and details about the partial–wave formalism can be found elsewhere [1,6].
The phenomenological parameters entering the above calculations are essentially the
coupling strengths and cut–offs at the meson–baryon vertices. These parameters had been
tuned previously through the analysis of the simpler πd ↔ pp reaction [7,8], over a large
experimental database, including cross–sections and polarization observables. Hence, the
analysis of Ref. [1] can be regarded as a parameter–free calculation, aiming at ascertaining
to what extent the assumed model of the pion–nucleus dynamics can be extended from
the two–nucleon to the three–nucleon system. These calculations have been compared with
experimental integral and differential cross–sections. The role played by the final– or initial–
state interactions (FSI/ISI) has been studied, and the convergence with respect to the num-
ber of included partial–wave three–nucleon states has been tested. It turned out [1] that
the inclusion of higher partial waves and nuclear correlations have a comparable effect on
the cross sections. Good results could be obtained in the considered energy region with
both Bonn [9] and Paris [10] potentials, the latter producing a lower excitation function
with respect to the Bonn B potential, and slightly better results for the differential cross–
sections at backward angles and high energies. Around the resonance, and for not too large
angles, however, the results for the two potentials differ only in the normalization of the
cross–sections, with the excitation function for the Paris potential being about 25% lower
than the Bonn B result.
In the present paper we extend the analysis to spin observables (such as the asymmetry
Ay0, and the deuteron tensor analyzing power T20), and to a larger energy region, in order
to get a deeper insight into the merits and limitations of the model employed for the π–
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three–nucleon dynamics.
For the πd↔ pp reaction, the polarization observables are known to be much more sen-
sitive to the details of the dynamical model than the unpolarized cross sections [7,8,11]. For
this reason, the large variety of spin data has been never reproduced with complete success,
in spite of the increasing complexity of the theoretical models. In particular, the proton
analyzing power Ay0 is one of the most difficult observable to reproduce since it depends
on both the magnitude and the relative phases of the intervening helicity amplitudes. A
similar situation appears here for the ~p + d → π+ + t reaction. We investigated how much
this observable is affected by the partial–wave truncation, and by the inclusion of nuclear
correlations in the initial channel. We found a more pronounced sensitivity to the number
of included three–nucleon partial–wave states, with respect to the cross–sections. When
the representation is enlarged to include 18 two–body partial–wave states and S, P, and D
orbital states in the intermediate ∆ propagation, the theoretical results move towards the
experimental points. The effects of the three–nucleon correlations in the initial state, on the
other hand, turn out to be less important. As for T20, one can obtain the general trend of the
experimental data around the resonance, the results exhibiting a moderate sensitivity to the
chosen NN potential at forward angles, and a greater sensitivity at large angles, consistently
with the analysis of the unpolarized cross sections.
This model, in its present form, has been built for an analysis around the resonance
region, where the intermediate ∆N dynamics has to be treated explicitily. As well known,
a theoretical evaluation of the ∆ width in the nuclear environment is still beyond present
possibilities, since it would entail a consistent solution of the coupled πNNN–∆NN–NNN
problem. Lacking this theoretical ingredient, we choose to parametrize the resonance width
phenomenologically, starting from the experimental cross section for the πd→ pp reaction.
This phenomenological parameterization implicitly takes into account the non–perturbative
aspects of the intermediate ∆ propagation within the two baryon subsystem; it proved
successful both in the description of the πd↔ pp data from threshold [12] up to the resonance
region [7,8], and in the three–nucleon calculations of Ref. [1]. Here, we extend the analysis
of pd ↔ πt processes beyond the resonance region for both the cross–sections and spin
observables, and compare the outcome of this effective parameterization with the standard
relativistic treatment of the ∆ width, which applies to a free ∆ [13,14]. One finds that the
former parameterization provides better differential cross–section in the resonance region,
whereas the alternative description works better with increasing energy. This suggests that
non–perturbative effects in the off–shell ∆ propagation are non–negligible in the resonance
region, while their importance decreases at higher energies.
The data are not well reproduced in the low–energy region. This is particularly true for
the tensor analyzing power at forward angles, where one fails even in reproducing the trend
of the experimental points. This had to be expected, because in the present calculations only
p–wave absorption mechanisms are considered. At low energies, one expects non–negligible
contributions from s–wave pion absorption, involving π rescattering on a second nucleon.
Such mechanisms play an important role in the π–absorption process, and have to be taken
into account in extending the present analysis from the high–energy to the low–energy region,
as has been shown in Ref. [12] for the simpler pp↔ π+d reaction.
The formalism relating cross–sections and polarization observables to the transition am-
plitudes as given in the present approach is reviewed in Section 2. The results of calculations
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are shown and discussed in Section 3. Finally, Section 4 contains the summary and conclu-
sions.
II. THEORY
The amplitude for the pd↔ π+t process can be written in terms of the matrix element
ATOT =
(−)
S
〈q , ψd| A |ψBS〉S |Ppi0〉 . (1)
The states |ψBS〉S and (−)S 〈q , ψd| describe the final three–nucleon bound state (BS) and the
initial three–body scattering state, respectively, and are assumed to be properly antisym-
metrized. For both bound state and scattering regimes, we use herein the same three–nucleon
states previously employed in Ref. [1]. Henceforth, we refer to that paper for any details
about the Faddeev–based calculation of the three–nucleon states. The states 〈q| and |Ppi0 〉
are the plane–wave states for the two fragments in the asymptotic channels. The momenta
P pi0 and q are the on–shell momenta in the c.m. frame for the (outgoing) pion and (incoming)
nucleon, respectively.
In the operator A we specify the reaction mechanisms under consideration. To avoid
double countings, purely nucleonic intermediate states must be avoided in A, since the
intermediate propagation of three nucleons is taken into account to all orders when calcu-
lating the three–nucleon dynamics in the final state. These amplitudes are decomposed in
three–nucleon partial waves, while the pion–nucleus wave is kept three–dimensional. We
omit the details on the representation employed since all this has been throughly discussed
in previous papers [1,6]. Herein, we limit ourselves to mention that the three–body states
are defined in momentum space and the partial–wave decomposition is discussed within the
jI coupling scheme. The index α collectively denotes the whole set of quantum numbers,
namely spin, total angular momentum, and isospin of the pair (s, j, and t, respectively)
orbital, spin, total angular momentum, and isospin for the spectator (λ, σ, I, and τ) and
finally the three–nucleon total angular momentum, isospin and associated third components,
JJz and TT z. To calculate spin observables we adopt the helicity formalisms as introduced
by Jacob and Wick [15]. The phase conventions, however, are those defined in Ref. [16].
We transform the jI coupling scheme of our amplitudes into a channel–spin representation,
where the angular momentum of the spectator particle, λ, is coupled to channel spin K
(which is the coupling of the spectator–nucleon spin, σ1, to the deuteron spin, j) to give the
total angular momentum J. The transformation is
|(λ(σ1j)K)J〉 =
∑
I
(−)σ1+λ+IKˆIˆ
{
j σ1 K
λ J I
}
|(j(λσ1)I)J〉 . (2)
The amplitude in this new λ–K representation will be compactly indicated as
A((λ,K)J, µb) ≡
√
4pi
2J+1
(−) 12−JzA(q, (λK)J,−Jz, E) . (3)
We observe that in this representation the pion and nucleon relative states of motion are
treated differently, and, for convenience, we prefer to discuss the amplitudes in terms of
the (inverse) pion absorption process. By doing so, the initial state is not decomposed into
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partial waves, while the final state is. The quantization axis is parallel to P pi0 , thus it is the
helicity axis for the incoming pion (obviously, the helicity of the pion µa is zero). For the
target particle, the triton, we take the same axis, but pointing in the opposite direction.
Hence, for the target particle, we have to rotate the frame of 180o around the normal to the
scattering plane. Because of this rotation the target helicity is µb = −Jz, and the phase
factor appears in the equation above. We construct the partial–wave helicity amplitude
f / µbµcµd(J) =
∑
λ,K
〈µcµdJ |λKJ〉A((λK)J, µb) , (4)
where µc is the helicity of the outgoing nucleon, and µd is the helicity of the deuteron. Given
that µa is zero, we use the symbol “/” in place. The coefficients 〈µcµdJ |λKJ〉 provide the
Jacob–Wick transformation from the channel–spin to the helicity representation with the
phase conventions adopted in Ref. [16]
〈µcµdJ |λKJ〉
= (−)K−sd+µc C(sc, sd, K;µc,−µd, µc − µd)C(K, J, λ;µd − µc, µc − µd, 0) , (5)
where C are the usual Clebsh–Gordan coefficients in the notation of Ref. [6].
The expansion in terms of reduced rotation matrices yields the angular dependent helicity
amplitudes
F / µbµcµd(θ) =
∑
J
2J + 1
4π
f / µbµcµd(J)d
J
(−µb)(µc−µd)
(θ) , (6)
where θ is the scattering c.m. angle for the outgoing nucleon. Of the twelve helicity ampli-
tudes, symmetry principles lead to 6 independent ones (we omit the angular dependence for
brevity). Thus
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(7)
Finally, we obtain the helicity amplitudes for the π production process from time–reversal
symmetry. Accordingly, the time–reversal amplitudes are related by the equations
F
µcµd
/ µb
(θ) = (−)µc−µd+µb |pa||pc|F
/ µb
µcµd
(θ) , (8)
where on the left–hand side θ is the scattering angle for the produced pion, while on the
right–hand side it refers to the angle for the outgoing nucleon. Also, pa is in our case P
pi
0 ,
while pc is q. By means of these relations, we define
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Z1(θ) = F
/ 1
2
1
2
1
,
Z2(θ) = −F /
1
2
1
2
0
,
Z3(θ) = F
/ 1
2
1
2
−1
,
Z4(θ) = F
/ 1
2
−
1
2
0
,
Z5(θ) = −F /
1
2
−
1
2
1
,
Z6(θ) = −F /
1
2
−
1
2
−1
,
(9)
having factored out the momentum ratio since it is taken into account at a later stage.
Well–known spherical tensor algebra [16] leads to the following expression
Ay0 = −4 Im(Z1Z
∗
5 + Z2Z
∗
4 + Z3Z
∗
6 )
I0
(10)
for the analyzing power for the reaction ~p+ d→ π+ + t. The quantity I0 is defined as
I0 = 2 (|Z1|2 + |Z2|2 + |Z3|2 + |Z4|2 + |Z5|2 + |Z6|2) (11)
and gives the differential cross section
dσ
dΩ
(θ) =
c
2
I0 (12)
for the pion absorption reaction, or
dσ
dΩ
(θ) =
c
6
(
P 0pi
q
)2
I0 (13)
for the inverse reaction. The constant c corresponds to the phase–space factor
c = (2π)4
q
P 0pi
EpiEtENEd
(Etot)2
, (14)
with the relativistic energy of the fragments given by
Epi =
√
m2pi + P
pi
0
2
Et =
√
M2T + P
pi
0
2
EN =
√
M2 + q2
Ed =
√
M2D + q
2
Etot = EN + Ed = Epi + Et .
(15)
Here, MD, MT , are the deuteron and tritium masses, respectively.
From the same helicity amplitudes, we have calculated also the deuteron tensor analyzing
power T20
T20 =
√
2
(|Z1|2 − 2|Z2|2 + |Z3|2 − 2|Z4|2 + |Z5|2 + |Z6|2)
I0
. (16)
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III. RESULTS
In a previous article [1], it has been shown that the energy dependence and angular
distribution of the pd↔ π+t reaction cross section around the ∆ resonance could be repro-
duced reasonably well with a meson–exchange isobar model with the π–nucleon interaction
mediated by the p–wave πNN and πN∆ vertices. The pion production/absorption diagrams
included in that model are shown in Fig. 1.
In the same paper, the normalization of the cross section was found to be quite sensi-
tive to the NN potential model employed (Paris, Bonn A, or Bonn B), while the angular
distributions were found to be less sensitive, with the exclusion of the region at backward
angles, where a non–negligible dependence upon the nuclear potential has been shown. At
the resonance peak, the three–body dynamics in the nucleon–deuteron channel (ISI) have
been calculated via a Faddeev–AGS computational scheme, and the effect of the inclusion
of a higher number of three–nucleon partial waves has been also analyzed. In comparing
the results, it turned out that these two aspects were comparable in that they both affected
the unpolarized cross section by roughly the same amount. Indeed, the Faddeev–AGS cal-
culation of the three–nucleon dynamics in the initial state gave a 4% effect in the cross
section, and a comparable 4% effect was found in passing from a calculation including 82
three–nucleon partial waves, to our largest calculation with 464 partial waves.
We refer to the article [1] for all the details about the model, and for the list of partial
waves included in the various calculations. Herein, we limit ourself to stress that the main
difference between the 82– and 464–state calculations is due to the inclusion in the latter
of S, P , and D waves for the intermediate ∆N subsystem, while in the former case only
S–waves were retained.
In this section, we use the same amplitudes which have been calculated previously in
Ref. [1] and take the analysis one step further by calculating the polarization observables
according to the methods described in the previous section. The results for the proton
analyzing power Ay0 are compared in Fig. 2 with the data obtained in Ref. [17] for the
isospin–related reaction ~p + d↔ π0+3He at 350 MeV. Assuming charge–independence, the
results have to be equal. The dashed line in the figure exhibits the result of the calculation
including 82 three–nucleon intermediate partial waves, and only S states for the intermediate
∆N system. In this case, the results are very different from the trend of the experimen-
tal data, however the dashed curve is comparable in shape and magnitude with previous
theoretical results shown in Ref. [18].
The other two curves exhibit the results of the calculations including 464 3N states
and differ between each other by the fact that the dotted line includes the effects of the
three–nucleon dynamics in the initial state, while the full line does not. In both cases the
intermediate ∆N states have been included up to D waves. In comparing the two curves, it
is clear that the consequences for Ay0 due to the three–nucleon dynamics in the initial state
are not very large. Instead, the difference with the dashed curve is a clear indication that
the polarization observables are much more sensitive to the inclusion of a large, possibly
converged, set of states than what happens for the unpolarized observables. In particular,
an important aspect which cannot be neglected is played by the P and, to a lesser extent,
by the D orbital states of the ∆N subsystem. It was also found that orbital states higher
than D waves give virtually no further change for this observable, at least at the resonance
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energy.
In Fig. 3 the differential cross section at forward and backward angles is shown as a
function of the parameter η, defined as the pion–nucleus c.m. momentum, in units of pion
masses (times c). The experimental data have been obtained at Saclay [19] for the π0
production reaction. The full circles represent cross section data at forward angles, and
the triangles are the corresponding data at backward angles. The experimental results are
compared with the theoretical calculation assuming charge independence (implying a factor
2 between π+ and π0 production). The full (dashed) line exhibits the calculation at forward
(backward) angles performed with the model introduced in Ref. [1], and correspond to results
obtained under the same circumstances as the results for Ay0 shown by the full line in Fig. 2.
These calculations have been tailored for the reproduction of the pion production reaction
in a region limited around the ∆ resonance. Indeed, the main limitation in the energy range
derives from the treatment of the width of the ∆ resonance, whose range of validity is
restricted in the region below ≃ 2.5 for η. The explicit parametric form of the isobar width
Γ∆ is given in Ref. [7]; it has been derived starting from the shape of the experimental
π–absorption cross section on deuterons, σ(E), by imposing the condition
σ(E) =
D
(E − Er)2 + Γ∆(E)24
, (17)
plus the additional condition that at the resonance peak Er, the isobar width coincides with
the experimental value of 115 MeV (this last condition fixes also the constant D).
The same energy dependence has been employed without further changes in previous
analyses for the π+d ↔ pp (Ref. [8]) and pd → πt (Ref. [1]) reactions. In this paper, as
previously done in Ref. [1], we have used the same parameters (i.e., coupling constants and
cut–offs) defined in Ref. [8], without further modifications. However, in the analysis herein
we extended the energy range above the ∆ resonance by going up to η ≃ 4. In order to
accomplish this, we considered a different parameterization of the isobar width,
Γ∆ =
2
3
f 2piN∆
4π
q3
m2pi
M√
s
, (18)
where q is the pion momentum in the c.m. frame,
√
s is the invariant πN mass, M and
mpi are the nucleon and pion masses, respectively, and fpiN∆ is the coupling constant of the
πN∆ vertex.
This simple parameterization is commonly used in the analysis of the πN scattering
processes [13,14] and therefore refers to the width of a free ∆. It has the advantage of not
being restricted to a limited energy range, and hence can be employed in the region well
above the resonance peak where the previous parameterization (Eq. (17)) breaks down. A
comparison between the energy dependence of the two widths has been done in Ref. [7].
The dotted (dashed–dotted) line in Fig. 3 show the forward (backward) cross section
results calculated with the isobar width expression given by Eq. (18). These results are
spanning a wider energy region above the isobar resonance, and they improve the descrip-
tion of the reaction in the higher energy range, starting already from η ≥ 2. In contrast,
the results in the lower energy region are best reproduced by the previous set of calculations
which employs the parameterization given by Eq. (17). At the present stage, there is no
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definitive explanation for this behavior. We may however argue that, as the pion momen-
tum η increases to a value around 2, the isobar in the intermediate ∆NN propagation tends
to behave as a free–particle propagation, while at lower energy the importance of the ∆N
higher order interactions prevents a description in terms of free isobar propagation. If this is
the case, the superior results obtained at lower energy by the parameterization from Eq. (17)
can be understood in the light of the fact that the ∆ width obtained directly from the ex-
perimental πd→ pp excitation function must include, albeit in some phenomenological and
approximate way, the ∆N higher order interactions, while the baryon–baryon interactions
are certainly excluded when the width is parameterized from the πN scattering data.
Fig. 4 differs from the previous one in that the Paris NN potential has been employed
instead than the Bonn B one. Except for this change, for the four curves the same symbolism
of Fig. 3 has been adopted. The forward peaked differential cross section are very similar
for the two potentials, the only difference being in the normalization of the corresponding
curves. As already discussed in Ref. [1], the results with the Paris potential are about 25%
smaller than the results obtained with the Bonn B potential. The results at backward angles
show a greater sensitivity to the NN interaction, since the differences in this case cannot
be attributed to a simple change in the normalization of the results. At lower energy, the
results at backward angles obtained with the Paris potential reproduce better the trend
of the experimental data. At higher energy, the calculations at backward angles for both
potentials fail to reproduce the dip around η ≃ 3.6. In a previous study [20], the presence
of this “bump” in the backward–angle data has been explained in terms of possible three–
body pion production mechanisms. Such mechanisms are not contemplated in the present
analysis.
In Fig. 5, the results for the deuteron tensor analyzing power T20 at forward angles are
shown. The experimental results are those reported in Ref. [19]. The full and dotted lines
represent the results obtained with the Bonn potential, while the dashed and dashed–dotted
curves are similar calculations with the Paris potential. Furthermore, the solid and dashed
lines correspond to the isobar width parameterized according to Eq. (17), while for the
dotted and dashed–dotted lines Eq. (18) has been used. Independently of the isobar width
and/or the nuclear potential employed the differences are not very large. The results at lower
energy are very different from the experimental data while at higher energy (for η ≥ 2, where
mainly Eq. (18) can be used) the reproduction is much better. A possible explanation for this
behavior can be attributed to some low–energy production mechanisms still missing in the
present analysis. A natural candidate is the mechanism triggered by the πN interaction in S
wave. It is well known that this mechanism is quite relevant in the πd↔ pp reaction around
the resonance [1,7,8] and of fundamental importance for the description of the same reaction
at threshold. It is possible, and indeed very likely, that the same mechanism becomes more
and more important at lower energies also for the pd↔ π+t process. The discrepancies seen
at lower energies not only in Fig. 5, but also in the forward–peaked differential cross section
(Figs. 3 and 4), could be possibly explained by such mechanisms.
In Fig. 6 the results obtained for T20 at backward angles are compared with the ex-
perimental data. The symbolism of the figure is similar to that of the previous one. It is
evident that the backward angle results are much more structured and difficult to reproduce
than the forward results. Here, the data are not reproduced well in the entire energy region
under consideration. The theoretical results however show a certain structured shape which
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is qualitatively similar to that evidenced by the data. For this observable, similarly to what
was previously observed for the cross section, the backward–angle results are quite sensitive
to the NN potential employed.
IV. SUMMARY AND CONCLUSIONS
In this paper we have carried further the analysis of the pd ↔ π+t process initiated
in Ref. [1] by considering the spin observables. In particular, we have studied the proton
analyzing power Ay0 and deuteron tensor analyzing power T20.
As is well known, Ay0 is very difficult to reproduce because it depends not only on
the magnitude of the various helicity amplitudes, but also on the phases of these complex
quantities. We have found that the three–nucleon dynamics in the initial channel has a
modest influence around the ∆ resonance while in general the convergence with respect to
the partial–wave representation is of great importance. In particular, orbital ∆N states
greater than L = 0 definitely have to be included. This effect on Ay0 is somewhat different
from the behavior of the unpolarized cross section, where the three–nucleon dynamics and
the higher partial waves affect the results by roughly the same amount [1].
We have considered the energy dependence of T20 at forward and backward angles, finding
that T20 at 0
o is not very sensitive to the NN potential employed in the calculation, while the
results at backward angles are much more sensitive to the nuclear potential, except for the
region at threshold. This behavior of T20 is similar to what has been observed previously for
the differential cross section. Below the resonance, the T20 results at forward angles are in
clear disagreement with the experimental results, while above the resonance, the trend of the
data is reproduced. This behavior confirms the findings already obtained from the analysis
of the cross section at forward angles, and suggests that there is some missing mechanism
operating at low–energy. From previous experience on the πd → pp reaction, a very likely
candidate is the process triggered by the πN s–wave interaction.
Finally, we have compared the results obtained from two different parameterizations of
the ∆ width. One has been obtained from the phenomenology of the πd → pp cross sec-
tion while the other from a Chew–Low–type analysis of the πN data. While the second
represents the standard parameterization of a single, free isobar, the first includes phe-
nomenologically the interaction effects of the second nucleon on the isobar. Around the
∆ resonance the differential cross section is better reproduced by the calculation with the
former parametrization of the ∆ width, while the latter parameterization works much bet-
ter when the energy increases. This suggests that at energies above the ∆ resonance the
intermediate isobar propagates approximately as a free particle, while around the resonance
the ∆N interaction effects are not entirely negligible.
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FIGURES
FIG. 1. Diagrams included in the present analysis. On top, the ∆–rescattering mechanism
is composed of the πN∆ vertex, the ∆ intermediate propagation, and the ∆N transition via π
and ρ exchange. On bottom, the direct πNN mechanism is shown. For both mechanisms, the
three–nucleon correlations in the initial state are represented by the oval on the left, while on the
right the three–nucleon bound state is denoted by the half oval.
FIG. 2. Analyzing power Ay0 of the reaction ~p+ d→ π++ t for incident protons at 350 MeV .
The dashed line includes only intermediate ∆N S states, while the remaining two curves include S,
P , and D intermediate ∆N states and 464 three–nucleon partial waves. The dotted line contains
the contribution of ISI, while the full line does not. All the results have been obtained with the
Bonn B potential.
FIG. 3. Differential cross section at 0o and 180o versus the parameter η calculated with the
Bonn B potential. The full (dashed) line represents the forward (backward) cross section calculated
with the isobar width parameterized starting from the πd absorption cross section, while for the
dotted (dotted–dashed) curves the free isobar width has been employed.
FIG. 4. Same results as in the previous figure but with the Paris potential.
FIG. 5. Forward deuteron tensor analyzing power T20 using Bonn B (full and dotted lines) and
Paris (dashed and dotted–dashed curves) potentials. For both the dotted and dotted–dashed lines
the free isobar width has been employed, while the other two curves refer to the parameterization
derived from πd absorption.
FIG. 6. Same observable as in the previous figure but for backward direction. The curves are
defined with the same symbolism.
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